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Air/Ground Communications
­ 22 ARTCCs and 560 RCAG

­ 61 AFSSs and 1200 RCOs

­ 175 TRACONs, 480 ATCTs,
and 800 RTRs

Air Route Traffic Control
Center (ARTCC)

 

Remote
Communications

Air/Ground
(RCAG)

Terminal Facilities:
•  TRACON
•  Airport Tower Traffic 
   Control (ATCT)

Remote
Communications

Outlet (RCO)

Automated Flight
Service Station

(AFSS)

Remote
Transmitter/Rec
eiver (RTR)

• VHF and UHF ATC bands

•  Approx. 10,000 assignments
in 1994

•  54,000 (TX, RX, or TCVR)

•  Dedicated networks for each
operational environment

•  Limited restoral capabilities

•  No remote maintenance
monitoring
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Problem:
0 VHF spectrum in the US (and

Europe) is near saturation to
support new assignments for Air
Traffic Services

0 Radios nearing end of useful life
0 Operational shortcomings of

existing system
0 AOC data needs expressed by

industry

Solution:
0 Adopt a new signal-in-space and

multiplexing standards to
increase spectrum efficiency

0 Implement system with user
benefits to encourage timely
equipage
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New VHF 
Radio System 
Capacity

Current VHF System: 
Maximum Circuit 

Capacity

Low Traffic Density Area

Capacity may temporarily "decrease" to 
accommodate smooth transition 

High Traffic
 Density Area 

(e.g., N
ew York, C

hicago, 

Dallas)

Capacity needed 
for transition

X

4X

Basic Problems and Solution
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Converging on the VHF Solution

1991

Example system design 
and technology survey

1992 1993 1994

 RTCA SC-172 work 
addresses FAA voice 

requirements

Activities

Milestones TDMA achitecture 
emerges as prime 

candidate

•  Modulation analysis,  simulation (SPW model) 
•  Spectrum efficiency & transition analysis (NFPT, FAQT) 
•  TDMA DL performance simulation (OPNET) 
•  Ground infrastructure (comm. backup analysis) 
•  Cost model

TDMA system 
description

RTCA adopts common 
physical layer for ATS,   

AOC, and DGPS 

AMCP recommends TDMA 
system as basis for 

standard development

Prototype development 
(MITRE labs)

VDL/TDMA standard 
development 

Draft SARPs 
presented Kobe, 

Japan 10/94
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Refining and Implementing the VHF Solution

95 and beyond

Syst. Arch. & Validation 
   •  Analysis 
   •  Simulation 
   •  System prototype 
   •  Lab & Flight Tests

Procurement 

Ground & Air Architecture 
   • Standards development  
   •  Protocols Simulation 
   •  Vocoder and H/F Evaluation

Key 
Decision 

Point  
(KDP) 1

COM DIV 

(3/95)
System 

Deployment 

Activities

Milestones

Standards 
validated and 

adopted

SIgnal-in-space 
validation

Flight test TDMA 
radio prototype

Transition Planning 
   •  Policy  
   •  Operations 
   •  Architecture
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New Requirements and Desirable Features

                System
Capability to provide
functionally simultaneous
voice and data
Minimize circuit blockage
Increase security
Increase RFI protection
Reduce workload
Facilitate transition
Reduce circuit contention
Provide automatic circuit
management
Support selective
addressing
Support failure detection
and recovery

                 Voice
Increase circuit capacity
Reduce voice clipping
Support prioritization of
voice messages

              Data Link (DL)
Provide DL for all users
Support msg lengths and
capacity requirements
Support prioritization of
DL messages
Undetected error rate/msg
integrity
Support msg delivery time
ATN compatibility

All-digital VHF A/G
comm system
V & D comm
functionally
simultaneous  from
same avionics unit
All-digital system w/
V&D on the same RF
channel
Call queuing capability
Support preemption by
controllers and
specialists

Requirements Desirable Features
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Basic Digital VHF Radio Characteristics

TDMA mode based on VHF Digital Link (VDL) physical layer

Frequency Range 118–137 MHz

Channelization 25 kHz centers

Channel Structure Same frequency for uplink and downlink

Radio Range 200 nmi for 4 channel capability

 (fewer channels for greater ranges)

Symbol Rate 10.5 kbaud (31.5 kbps ch data rate)

Modulation D8PSK, non-coherent detection (3 bits/symbol)

Operating Modes Dual mode (analog and digital)

Voice 4.8 kbps encoding, 250 ms end-to end latency

Data Functionally simultaneous with voice
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Multimode Avionics Approach

Standard defined in ICAO 
Draft  VDL SARPs 

Draft VDL/TDMA SARPs presented at  
AMCP/Kobe'94  

Data
Only

Simultaneous 
Voice and 

Data

Analog 
Voice 
Only

 25 kHz, D8PSK, 31.5 kbps 25 kHz DSB-AM

Media Access Layer

Physical Layer

  FAA  Approach  

 CSMA 

  (Prototype/Demo Scope ) 

TDMA

Transceiver Mode 
Select 

(Mutually Exclusive)
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What is VHF Digital Link (VDL)/Time Division
Multiple Access (TDMA) Mode

0 Recommended by ICAO/
AMCP and RTCA SC-172

0 TDMA timing hierarchy
- 120 ms “TDMA frame” is

the fundamental timing
framework

- Up to 4 “slots” are
supported within the
TDMA frame

- Each slot supports
separate voice or data
circuit

- Each slot contains two
independent
“subchannel bursts”

Time slot 
A

Time slot 
B

Time slot 
C

Time slot 
D

  TDMA Frame  

  30 ms slot  

M 
Subchannel

Voice/Data 
Subchannel
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VDLT Radio Configuration Flexibility

4 Times Current Capacity
(Voice Capability)

2 Times Current Capacity
(Voice and Data Capability)

Four time slots in one TDMA frame

One 25 kHz Channel
120.10

Voice

Data

Data

"120.10A" "120.10B"

A

C
D

B Voice

120.10

"120.10A" "120.10B" "120.10C" "120.10D"

A
B
C
D

Voice

Voice

Voice

Voice



MITRE

VDLT Radio System Architecture

Voice 
Switch

Control Site

Ground 
Network 
Interface 

ATC 
Automation

Data

Voice

ATN 
Router

Other 
Subnetworks

Voice/Data

Remote Radio Site

Radio 
Interface 

Unit

VHF 
Radio

Remote Radio Site (diverse)

Radio 
Interface 

Unit

VHF 
Radio

Voice/Data UHF 
Radio

UHF 
RadioVoice

Voice


